In polymers of different chemical structure, many relaxation transitions are found, starting from ultralow temperatures. The authors of many studies, in particular references [1] to [5] , attribute these transitions to the manifestation of local molecular motions, the mobility of different groups of atoms in the main chain and in side groups, in side groups as a whole, and also in sections of the main chain of different size, right down to the size of a kinetic segment. According to data of twodimensional NMR spectroscopy [6] and inelastic neutron scattering [7] , at temperatures below the glass transition temperature, a correlated oscillation of single bonds about the equilibrium position appears in polymers, for example, C-H bonds in 1,4-polybutadienes. The degree of correlation of the oscillation of single bonds about the equilibrium position and the angle of deviation of the single bonds from the equilibrium position (i.e. the size of the mobile section of the main chain) increase with increasing temperature. When the mobile section of the chain reaches a size specifi ed for each fl exiblechain and semi-rigid-chain polymer, a conformational trans-gauche transition occurs in the polymer [6, 7] . Transitions connected with the formation of a mobile section of the chain (or, which amounts to the same thing, with an increase in the degree of correlation of the oscillation of single bonds about the equilibrium position) are due, as shown earlier [8] , to an increase in the degree of cooperation of intermolecular interaction along the macromolecules as the temperature increases:
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where i = 1, 2, … is the number of the transition, E i is the activation energy of the ith process (kJ/mol), E c is the cohesive energy of the polymer (kJ/mol), and S i is the number of recurring units of the polymer per kinetic unit of the ith process. The group of relaxation transitions whose activation energies obey equation (1) will be denoted below by ρ.
The activation energy of the ρ 1 -process, that is, E 1 , matches satisfactorily the cohesive energy E c for polymers of different chemical structure. Accordingly, the determination of E 1 by a relaxation spectrometry method can be regarded as an experimental means of estimating E c of the polymer at the temperature of this transition. The matching of the activation energy of the ρ 1 -process with E c makes it possible to link this process in any homopolymer with the appearance of correlated oscillation of certain single bonds of one recurring unit about the equilibrium position, irrespective of the size of the latter.
As heating progresses, the size of the mobile section of macromolecules and the free volume of the polymer increase [6, 7] so much that, in the region of T g , singlebarrier conformational trans-gauche transition about one of its single bonds becomes possible, with simultaneous readjustment of the remaining 11 fl exible bonds of this chain section, i.e. 'separation' of a kinetic unit of arelaxation, known as a kinetic segment, occurs [8] . For conformational mobility of segments, fl uctuation holes of a certain size are necessary, the energy of formation of which is equivalent to 100 K, according to the empirical equation [8] 
where E c is the cohesive energy of the polymer (kJ/mol), m is the number of single bonds in a recurring unit that take part in correlated oscillation about the equilibrium position, Plasticheskie Massy, No. 5, 2006, pp. 13-25 Characteristics of high-temperature transitions in polymers mN is the number of fl exible bonds in the recurring unit, S s is the number of recurring units in a kinetic segment, mNS s = 12 is the number of fl exible bonds in this segment, R is the universal gas constant, B 2 = 2.618 ± 0.05, and T g (K) was measured at low frequencies (10 -3 -1 Hz). Here, the T g of low molecular weight polymers was used, i.e. a T g that, with increase in the molecular weight (MW) of the polymer, changes little.
In other words, a feature of a-relaxation in high molecular weight polymers of different chemical structure is that their kinetic segment contains the same number of fl exible bonds (12 bonds) , in spite of the fact that the number of ρ-transitions in the relaxation spectra that are connected with the formation of the segment and the size of the segment are identical [8] .
Bershtein and Egorov [2] take a different perspective not backed up by all researchers [1, 4, 5] . They assume that the kinetic unit of β-and α-relaxation is the same, in spite of the considerable difference in the temperatures at which these processes take place, and that its size corresponds to the size of a kinetic segment of the polymer.
In many polymers, a large number of transitions above the glass transition temperature have also been discovered by different methods. A detailed analysis of these transitions has been given in a number of reviews and monographs [1] [2] [3] [4] [5] . Nevertheless, the question as to the existence of high-temperature transitions in polymers (above the T g ), their number, and their nature remains debatable. In particular, in atactic polystyrene and the like, in the opinion of Bershtein and Egorov [2] , there is one transition (a liquid-to-liquid (ll) transition), according to data given in reference [4] there are two transitions, and according to data in reference [1] there are four transitions. However, an idea of the possible number of high-temperature transitions, their periodicity, and their nature is necessary for prediction of the temperature behaviour of polymers and articles based on them.
The aim of the present work is to show that, in polymers of different chemical structure, there are two types of process -relaxation and structural -at temperatures above the T g .
EXPERIMENTAL
The investigation was conducted on homologues of atactic polystyrene (PS) with the following molecular weights: 3.6 × 10 3 (PS-1), 4 × 10 4 (PS-2), and 8 × 10 5 (PS-3). Large-angle diffraction patterns of homologues were obtained on a DRON-3M instrument with a hightemperature attachment. The radiation source of the instrument was CuK α with a wavelength of 1.54 Å. A monochromator was used to record the diffraction patterns. The temperature of the PS specimens was raised in steps, generally of 5-10 K. Before recording of the next diffraction pattern, the homologue specimen was held at a prescribed temperature for 15-20 min. During taking of the diffraction pattern, the temperature was held with an accuracy of ±0.5 K.
Diffraction patterns of PS homologues in the temperature range 293-530 K contain two symmetrical, slightly overlapping amorphous haloes. It is known [9] that the fi rst halo with a maximum at 2θ 1 ~ 10° (peak 1) is connected with intermolecular scattering and characterises the statistics of the mean distances between the PS molecules (intermolecular distances). The second halo with a maximum at 2θ 2 ~ 18° (peak 2) is a consequence of both inter-and/or intramolecular scattering mainly on benzene rings. The separation of the maxima on the diffraction patterns of the homologues was carried out on the assumption that the intensity distribution for each halo was Gaussian in nature.
The temperature behaviour of the homologues was assessed from the change in the following parameters of the obtained diffraction patterns:
2θ 1 angular position of the maximum of the fi rst amorphous halo characterising the mean distances between the macromolecules:
2θ 2 angular position of the maximum of the second amorphous halo characterising the mean distances between the benzene rings both within and between the macromolecules [9] ;
Δ 1 the half-width of the fi rst amorphous halo, determining the distribution of mean distances between the macromolecules [9] ; data on the half-width of both haloes are normalised to those at 293 K (Δ 1 /Δ*, Δ 2 /Δ*);
the ratio of the integral intensity of the fi rst amorphous halo to the overall integral intensity of the diffraction pattern (relative area of the peak); the change in parameter k 1 [as with k 2 = S 2 /(S 1 + S 2 )] indirectly indicates structural rearrangements in the system, which are connected with changes in the conformation of the macromolecules.
The accuracy of the method in measuring 2θ 1 and 2θ 2 was ±0.03°, and the accuracy in measuring Δ 1 /Δ*, Δ 2 /Δ*, and k 1 (k 2 ) was ±1%.
RESULTS AND DISCUSSION
Ordered formations were previously found in atactic PS using the large-and small-angle X-ray diffraction method [10] [11] [12] . The volume fraction of formations measuring 2-5 nm in atactic PS reaches 40%, and that of coarser formations (35 nm) reaches 29%, according to electron microscopy data [13] . The transitions in amorphous PS were fi rst discovered during analysis of the temperature changes in its large-angle diffraction pattern by Hatakeyma [9] and Krimm and Tobolsky [14] . Thus, in atactic PS with a weight-average molecular weight Mw ≥ 1 × 10 4 , in the temperature range from 293 K to T g + 90 K, α-relaxation (T g ) was observed, and an ll-transition in the region T g + (40-50 K), whereas in homologues with Mw ≤ 1 × 10 4 an ll-transition was observed [9] . However, results of systematic investigations of the structural features of PS homologues in a wide temperature range are absent in the literature. In connection with this, possible correlations between structural changes in homologues and the relaxation transitions observed in them have not been examined.
Let us examine features of the temperature change in the diffraction patterns of homologues with a low MW (PS-1 and PS-2). According to data given in Figure 1 , the temperature dependences of 2θ 1 and 2θ 2 in the temperature range 293-450 K differ markedly for these homologues, with retention of a common trend in the change in these parameters. Both parameters of the diffraction patterns of PS-1 and PS-2 decrease with increasing temperature, although to different degrees. However, only at temperatures above 450 K in the case of PS-1 and above 488 K in the case of PS-2 do the temperature dependences of 2θ 1 and 2θ 2 acquire a linear nature.
A more significant difference is found in the temperature dependences of the half-width of both amorphous haloes of PS-1 and PS-2. These dependences differ not only for different homologues but also for the same homologue. Thus, Δ 1 /Δ* of both homologues decreases on the whole with increase in temperature, while Δ 2 /Δ*, conversely, increases in this case. Here, Δ 1 /Δ* in the case of PS-1 in the temperature range investigated (293-530 K) decreased by about twice as much as in the case of PS-2. Nevertheless, in these dependences there is a common feature. At temperatures above ~450 K, the half-width of the fi rst peak (Δ 1 /Δ*) of each of the homologues reaches its lowest value, which, with subsequent increase in temperature, hardly changes. The half-width of the second peak changes in this case according to an extremal dependence for both homologues.
The data presented in Figure 1 concerning the nature and degree of change in Δ 1 /Δ*and Δ 2 /Δ*with simultaneous reduction in 2θ 1 and 2θ 2 with increase in temperature in the case of the two homologues are in agreement with the opinion of Hatakeyma [9] and Krimm and Tobolsky [14] that the fi rst amorphous halo is connected mainly with intermolecular scattering, whereas the second halo characterises the statistics of the mean distances between the benzene rings within and/or between the molecules, i.e. the conformation of the macromolecules. The dissimilar nature of scattering at ~10 and ~18° was most evident at temperatures above 450 K, when Δ 2 /Δ*changes by an extremal Let us examine in more detail the data obtained for the low molecular weight homologue of PS (Figure 1) . The start of softening of PS-1 in the region of 343 K (T g ) is indicated by an infl ection on the temperature dependences of 2θ 1 , 2θ 2 , Δ 1 /Δ*, Δ 2 /Δ*, and k 1 (k 2 ), which is evidently connected with the sharp increase in the coeffi cient of thermal expansion of the homologue, starting from T g . Accordingly, in the temperature range above T g (343-360 K) these parameters of the diffraction pattern of PS-1 undergo a considerable change.
There is a sharp increase in inter-and intramolecular distances between the benzene rings of PS-1 (2θ 2 ) and the intermolecular distances (2θ 1 ), and also k1 (reduction in k 2 ). The distribution of intermolecular distances (Δ 1 /Δ*) narrows, whereas the distribution of inter-and intramolecular distances between the benzene rings (Δ 2 /Δ*) in the homologue, conversely, expands. Here, the change in Δ 1 /Δ* is considerably greater than that in Δ 2 /Δ* (a change of about 8% as opposed to a change of 4%). Evidently, in the temperature range above T g (343-360 K) not only is there an increase in intermolecular distances (i.e. a reduction in intermolecular interaction) but also a small change in the conformation of the chains of PS-1.
Starting from 373 K (and up to ~430 K), 2θ 2 decreases almost linearly with increase in temperature, in contrast to 2θ 1 . The change in nature of the temperature dependence of 2θ 2 in the region 363 K is connected with the appearance of an infl ection on the temperature dependences of 2q1 and k1 (k 2 ) in the same temperature region. The found change in the parameters of the diffraction pattern indicates the occurrence of a structural process in PS-1, which will be denoted below by ρ 0 ʹ. However, this process did not appear on the temperature dependences of Δ 1 /Δ* and Δ 2 /Δ*. In other words, the ρ 0 ʹ-process in the 363 K region is not accompanied with any marked reduction in intermolecular interaction in the homologue. It is possible that it is chiefl y only a change in conformation of the macromolecules of PS-1 that occurs. The temperature of the ρ 0 ʹ-process, T 0 ʹ, is related to T g of the homologue by the expression
where T 0 ʹ and T g are in degrees Kelvin.
A secondary sudden increase in intermolecular distances in PS-1 was found in the region of ~390 K. Starting from ~388 K, there is also an increase in k 1 and a reduction in k 2 . Evidently, in the region of ~385 K, rearrangment of the structure of the homologue occurs, connected with change in the conformation of its chains and coupled with a sharp reduction in intermolecular interaction within it (ρ 1 ʹ-process). For the temperature of this process, T 1 ʹ, the following equation is fulfi lled:
where T 1 ʹ and T g are in degrees Kelvin. In the same temperature region, Ueberreiter and Otto-Laupenmuhlen [15] recorded an endo effect on thermograms of specimens of PS of similar molecular weight ( Table 1) and attributed its appearance to the process of rearrangement of the structured liquid (containing ordered formations) into a structureless liquid, i.e. ll-transition according to Boyer's terminology.
However, a more intense sudden narrowing of the distribution of intermolecular distances in the homologue was noted in the region of ~435 K, with a simultaneous narrowing of the distribution of inter-and intramolecular distances between the benzene rings. The parameter k 1 reaches its greatest value in this case. On the temperature dependence of 2θ 2 there is an infl ection in the region of ~440 K. At temperatures above 450 K, PS-1 is characterised by the narrowest intermolecular distance distribution (by ~22%). Evidently, the structural process appearing in the 440 K region is connected with transition of the structured liquid (containing ordered formations) into a structureless liquid (ρ i -transition). Linear increase in the intermolecular (2θ 1 ) and inter-and intramolecular distances between the benzene rings (2θ 2 ) in PS-1 with retention of an unchanged distribution of intermolecular distances at temperatures above 440 K confi rms the assumption concerning the possibility of transition of the homopolymer into a structureless state. The temperature of this structural process, T i , is related to T g of the homologue by the expression T i = 1.28 T g , where Ti and T g are in degrees Kelvin.
The sharp increase, found for the fi rst time, in the mean statistical intermolecular distances in PS-1 in the region above T g (343-360 K) and in the region of 390 K (ρ 1 ʹ-transition) with a simultaneous narrowing of their size distribution in the 343-360, 383, and 440 K region (ρ i -transition), the change in inter-and intramolecular distances between the benzene rings of the homologue in the region >343 and 363 (ρ 0 ʹ-process), the identical nature of the temperature dependences of Δ 1 /Δ* and Δ 2 /Δ*, and also the endo effects on the differential scanning calorimetry (DSC) curves of homologues of similar MW, found by the authors (Table 1) , evidently indicate not only a discrete reduction in the intermolecular interaction in the homologue in these temperature regions but also the change occurring in this case in the conformation of its chains, determining the rearrangement of its structure.
At temperatures above the ρ i -transition, when the intermolecular interaction in PS-1 decreases linearly, and the half-width of the fi rst amorphous halo hardly changes, there is an extremal increase in k 2 in the 486 K region, governed by increase in the half-width of the second peak (by ~16%). The relative area of the second peak initially increases by ~12%, starting from 430 K, but at temperatures above ~486 K, conversely, it decreases by 12%. The observed process (denoted by ρ*) seems to be due to change in the conformation of the macrochains of PS-1. Transition possibly occurs from a partially straightened conformation of the macromolecules, which ensures energetically favourable intersegmental contacts (the formation of ordered formations), to a coiled conformation.
The conclusion concerning the possibility of a conformational transition of this kind in amorphous polymers was fi rst reached by Lal and Spencer [22] , the results of whose calculations showed that, at a certain fairly high temperature, the coiled conformation of the macromolecules is capable of being transformed during cooling into a partially straightened conformation ensuring intersegmental contacts if, in the calculations, account is taken of long-range-order interaction.
At 523 K, PS-1, the macromolecules of which supposedly have a coiled conformation, which means that there are no ordered formations in it, is characterised by a narrower distribution of mean Table 1 . Infl uence of molecular weight of homologue on temperature of ρʹ-transitions*
MW of homologue
Temperature of transitions, K statistical intermolecular distances but a wider distribution of inter-and intramolecular distances between benzene rings, in contrast to those at 293 K. Here there is a considerable change in the ratio between the relative areas of the peaks.
Note that the changes found in the parameters of the diffraction pattern of PS-1 are appreciably greater than the error of X-ray diffraction analysis, as shown in Figure 1B ).
Increase in the MW of the homologue to 4 × 10 4 leads to a marked change in the nature of the temperature dependences of the examined parameters of the diffraction pattern (Figure 1) . However, the start of softening of PS-2 in the 360 K region (T g ) is indicated by an infl ection on the temperature dependences of 2θ 2 , k 1 (k 2 ), Δ 1 /Δ*, and Δ 2 /Δ*, as in the case of PS-1. In other words, no marked change in intermolecular distances within PS-2 in the T g region is observed, as in the case of PS-1. This means that, for a-relaxation to appear in homologues of this kind, the free volume that is accumulated in them during heating to T g is suffi cient. At temperatures above T g (in the range 360-383 K) there is an increase in the inter-and intrachain distances between the benzene rings of the homologue and an increase in the relative area of the fi rst peak, and also an increase in Δ 1 /Δ* and a decrease in Δ 2 /Δ* are observed, as the appearance of a sharp increase in the temperature coeffi cient of expansion of PS-2, starting from T g .
The parameters of the diffraction pattern of PS-2 undergo more intensive changes in the 383 K region. There is a sharp reduction in Δ 1 /Δ* and in the relative area of the fi rst peak, but an increase in the corresponding parameters of the second amorphous halo. All this gives grounds for speaking of the appearance of a structural process in the 383 K region. The temperature of the latter is related to T g of the homologue by expression (3), as in the case of the ρ 0 ʹ-process in PS-1. Owing to the appearance of the ρ 0 ʹ-process, the temperature coeffi cients of growth in the intermolecular distances (2θ 1 ) and the inter-and intramolecular distances between the benzene rings of PS-2 (2θ 2 ) increase in the temperature range 383-403 K.
The above parameters of the diffraction pattern of PS-2 also change in the 403 K region. An infl ection is observed on the temperature dependences of 2θ 1 , 2θ 2 , and k1, and also widening of the distribution of intermolecular distances and narrowing of the distribution of distances between the benzene rings (the ρ 1 ʹ-process). The temperature of the structural process (403 K), T 1 ʹ, is related to T g of the homologue by equation (4), as in the case of the corresponding process in PS-1.
The appearance of a structural process in PS-2 in the region of ~420 K is indicated by an infl ection on the temperature dependences of 2θ 2 and k 1 , a small sudden decrease in 2θ 1 , and also a narrowing of the distribution of the inter-and intramolecular distances between the benzene rings and a widening of the distribution of the intermolecular distances. For the temperature of this process (which we will denote by ρ 2 ʹ), T 2 ʹ, the equation
is fulfi lled, where T 2 ʹ and T g are in degrees Kelvin. At temperatures above the ρ 2 ʹ-transition (in the temperature range 420-453 K), an intense, practically linear increase both in intermolecular and particularly in inter-and intramolecular distances between the benzene rings is observed in PS-2, and also an increase in the relative area of the fi rst peak. In other words, the ρ 2 ʹ-process is connected with change in the conformation of the macromolecules, which leads to a more signifi cant rearrangement of the structure of PS-2 than the ρ 0 ʹ-and ρ 1 ʹ-processes. The appearance of the ρ 2 ʹ-process is coupled with a sudden decrease in intermolecular interaction in the homologue. On the DSC thermogram [15] of the homologue, endo effects occur both in the case of the ρ 1 ʹ-process and in the case of the ρ 2 ʹ-process, according to the author's data ( Table 1 ).
In the 453 K region there is an infl ection on the temperature dependences of 2θ 2 and k 1 with a simultaneous widening of the distribution of the inter-and intramolecular distances between the benzene rings and the narrowest distribution of intermolecular distances. The observed change in the parameters of the diffraction pattern seems to be due to the complete breakdown of ordered formation in PS-2, i.e. to transition of the homologue from the state of a structured liquid into a structureless state (ρ i -transition). As a consequence of this, at temperatures above the ρ i -transition, 2θ 1 decreases linearly. The temperature of the ri-transition in PS-2, T i , is ~20 K higher than that in PS-1 and is related to T g by the expression T i / T g = 1.26. Such identifi cation of the transition in the 453 K region is justifi ed indirectly by data of capillary viscometry. In the 403-453 K range the melt viscosity of PS-2 is lowered sharply but depends little on temperature above 460 K (Figure 2) . The introduction of active fi ller leads to a considerable increase in the melt viscosity of PS-2 only at temperatures below 460 K, and the melt viscosity above 460 K depends little on temperature. The two-capillary method was used in the processing of capillary viscometry data.
by a different distribution of interchain distances to the case of PS-1. Thus, during heating of PS-1 from 293 to 523 K, Δ 1 /Δ* decreased on the whole by 22%, but by ~11% in the case of PS-2. The distribution of inter-and intramolecular distances between the benzene rings in this temperature range, conversely, widened on the whole by 5% in both homologues (Figure 1) .
Thus, increase in MW from 3.6 × 103 to 4 × 104 leads to a marked change in the structure of the homologue. This is indicated, fi rst of all, by the ρ 2 ʹ-process in PS-2, which is absent in PS-1, and accordingly by the higher temperature of breakdown of its ordered formations (ρ itransition). Secondly, a dissimilar degree of reduction in the half-width of the fi rst amorphous halo was found on the diffraction patterns of PS-1 and PS-2: the distribution of intermolecular distances in PS-1 decreased twice as much as in the case of PS-2 in the same temperature range (293-523 K). Thirdly, a different nature of the temperature dependences of Δ 1 /Δ* and Δ 2 /Δ* was recorded. Thus, the half-width of the fi rst peak of PS-1, in contrast to PS-2, decreases in the entire temperature range investigated, and especially in the region of the ρ i -transition. The magnitude of the half-width of the second peak of PS-1 with the appearance of structural processes varies about a mean value, and at temperatures above ρ i -transition it increases slightly. In the case of PS-2, a constant small increase in Δ 2 /Δ* (besides regions of transitions) is observed, beginning with the ρ 0 ʹ-transition. Evidently, increase in the MW by a factor of 10 affects the capacity of macromolecules to change their conformation set and accordingly the structure of the amorphous homologue and its rearrangement at temperatures above T g .
The start of softening of the PS-3 homologue in the 370 K region (T g ) is indicated by an infl ection on the temperature dependences of 2θ 1 , Δ 1 /Δ*, Δ 2 /Δ*, and k 1 (Figure 1) . In the temperature range above T g (371-378 K) there is a reduction in 2θ 1 , k 1 , and Δ 1 /Δ* but an increase in Δ 2 /Δ* and accordingly in k 2 . Evidently, softening of PS-3 results not only in an increase in intermolecular distances but also in rearrangement of the structure of the homologue owing to change in the conformation of the chains.
Such a signifi cant effect of softening on the parameters of the diffraction pattern of PS-3, in contrast to the PS-2 and PS-1 homologues, is possible owing to the greater thermodynamic non-equilibrium of its structure. This last is, it seems, also the cause of a marked change in the parameters of the diffraction pattern of PS-3, starting from 340°C. There is a small decrease in 2θ 1 and especially in 2θ 2 , with a simultaneous widening of the distribution of intermolecular distances, and an increase in k 1 . The temperature of the start of the noted changes in the parameters of the diffraction pattern of PS-3 coincides satisfactorily with the temperature of the The transition of the conformation of macromolecules of the PS-2 homologue from partially straightened to coiled is observed in the 488 K region, i.e. as in PS-1 (ρ*-transition). The appearance of conformation transition in PS-2 is indicated by an infl ection on the temperature dependences of 2θ 1 , 2θ 2 , and k 1 , and by an extremum in the case of Δ 2 /Δ* with a practically constant distribution of intermolecular distances. At temperatures above 488 K, 2θ 1 and 2θ 2 decrease linearly, as in the case of PS-1.
At 523 K, PS-2, the macromolecules of which supposedly have a coiled conformation, is characterised b-transition found in PS in the 333 K region by means of DSC [2, 23] and DMM [24] . Intense physical ageing of PS and change in the density of the polymer, starting at 330 K, were also observed by Hourston et al. [23] and Yu et al. [25] and attributed to the appearance of β-relaxation in the polymer.
The parameters of the diffraction pattern of PS-3 undergo change in the 391 K region. Widening of the distribution of mean-statistical intermolecular distances is observed, and also an increase in k 1 and Δ 2 /Δ*, starting from 391 K. The temperature at which the noted changes in the diffraction pattern of PS-3 are observed is connected with its T g by relation (3) and corresponds to the temperature of ρ 0 ʹ-transition, as in the case of PS-1 and PS-2.
The structural ρ 1 ʹ-process in PS-3 in the 413 K region is indicated by a sudden increase in intermolecular distances 2θ 1 and inter-and intramolecular distances between the benzene rings 2θ 2 , a reduction in k 1 , a narrowing of the distribution of intermolecular distances, but a widening of the inter-and intramolecular distances between the benzene rings. The temperature of the ρ 1 ʹ-process in PS-3 obeys equation (4), as in the case of PS-1 and PS-2.
We will stress that, in the temperature region above T g (371-378 K) and 413 K (ρ 1 ʹ-transition), not only is there a discrete reduction in intermolecular interaction in PS-3 but also a rearrangement of its structure, connected with change in the conformation of the chains. Here, the structure of PS-3 differs considerably from the structure of PS-1. Thus, whereas, in the temperature range T g + 60 K, including the ρ 0 ʹ-and ρ 1 ʹ-transitions, in PS-1 there is a considerable narrowing of the distribution of intermolecular distances (by 11%) with a small increase in Δ 2 /Δ* (by 4%), in the case of PS-3 the fi rst parameter decreased on the whole by ~7%, and the second parameter increased by ~7%, in spite of the fact that the same processes appeared in it (Figure 1) .
Additional rearrangement of the structure of PS-3 owing to change in the conformation of the chains, accompanied with a sudden increase in intermolecular distances, was found in the 453 K region. This is indicated by a sudden decrease in 2θ 1 and an infl ection on the temperature dependence of 2θ 2 in the 453 K region with a simultaneous reduction in Δ 1 /Δ* and k 1 and increase in Δ 2 /Δ*, starting from 453 K. It seems that, in the 453 K region, a conformation process appears that leads to a considerable change in the structure of the PS-3. As a result of this, at temperatures above 453 K there is a sharp increase in the temperature coeffi cients of 2θ 1 and 2θ 2 , and also a very intense widening of the distribution of inter-and intramolecular distances between the benzene rings of PS-3. The temperature of this structural process, T 2 ʹ, is related to T g of the homologue by the expression:
where T 2 ʹ and T g are in degrees Kelvin.
There is no such process in the PS-1 homologue, and in PS-2 its temperature obeys equation (5a). This means that, with increase in homologue MW, there is an increase in the temperature of the ρ 2 ʹ-process in relation to T g .
It is interesting that the high-elasticity plateau of high molecular weight homologues of PS, according to TMA data [26] , is bounded on both sides by ρ 1 ʹ-and ρ 2 ʹ-transitions, i.e. at temperatures above 453 K the latter pass into the highly viscous state.
The structural process in the 498 K region in PS-3 (ρ 3 ʹ-process) is indicated by an infl ection on the temperature dependences of 2θ 1 and 2θ 2 and an intense increase in k 1 with a simultaneous reduction in k 2 and Δ 2 /Δ* with a slightly varying Δ 1 /Δ*. For the temperature of the ρ 3 ʹ-process, T 3 ʹ, the following relation is fulfi lled:
where T 3 ʹ and T g are in degrees Kelvin.
According to data given in Figure 1 , PS-3 differs from PS-1 and PS-2 in markedly smaller mean-statistical intermolecular distances 2θ 1 and especially at elevated temperatures, which indicates a denser packing of the macromolecules of the former. This feature of PS homologues was fi rst brought to light by Hatakeyma [9] . The marked difference in the structure of the homologues is also indicated by the dissimilar nature of the temperature dependences and the degree of change in the parameters of both amorphous haloes. Thus, in the case of PS-3, the increase in k 1 was twice as small as in PS-1 (by 19% as opposed to 39%) in the same temperature range (293-523 K). Here, the decrease in Δ 1 /Δ* was smaller (by 16% rather than 22%) and the increase in Δ 2 /Δ* was greater (by 17% as opposed to 4%) than in PS-1. This means that the macromolecules of PS-3 possess a different capacity for changing their conformation set with increase in temperature above T g than macromolecules of PS-2 and especially PS-1.
The difference in the temperature change in the parameters of the diffraction patterns of PS homologues, discovered for this fi rst time, makes it possible to assume that the structure that is formed in PS-3 is more complex than that formed in PS-2 and especially in PS-1. Increase in the MW from 3.6 × 10 3 to 8 × 10 5 led, at the very least, to the appearance of structural ρ 2 ʹ-and ρ 3 ʹ-processes, which are absent in PS-1. Here, at 523 K, PS-3 is characterised by a wider distribution of intermolecular and especially inter-and intramolecular distances between the benzene rings, and also a different ratio between the areas of the fi rst and second peaks (Figure 1) . These experimental data are the basis for assuming that, at 523 K, PS-3 is not in a structureless state, in contrast to PS-2 and PS-1.
The above-noted features of the temperature changes in the main parameters of the diffraction patterns of the PS homologues evidently must be linked with the rearrangement of the ordered formations and their subsequent breakdown during heating. Separation of the contribution of the order and unordered parts of the structure of PS to the parameters of both peaks is currently impossible. However, common to the obtained diffraction patterns of the homologues is a reduction in the relative area of the second peak with a simultaneous narrowing of the distribution of intermolecular distances and widening of the distribution of distances between the benzene rings. Ordered formations possibly make the most signifi cant contribution to the area of the second peak. Reduction in the degree of ordering of the homologue is manifested primarily by an increase in the half-width of this peak. This parameter of the diffraction pattern changes most in the case of PS-3.
Thus, the not only non-monotonic but also dissimilar nature of change in the parameters of the diffraction patterns of the homologues that was found with increase in temperature above T g indicates the presence in them of an ordered structure. According to the given XRD analysis data, the structure of the homologue depends on its molecular weight. Thus, whereas structural ρ 0 ʹ-and ρ i -processes are observed in PS-1, and ρ 0 ʹ-ρ 2 ʹ-and ρ iprocesses in PS-2, in PS-3 an additional ρ 3 ʹ-process is found. An important feature of these processes is that the temperatures at which they appear are related to the T g by expressions that, after the homologue has reached a certain MW, cease then to change [equations (3)- (5)].
It must be stressed that a clear picture of the infl uence of structural processes on the diffraction pattern of an amorphous polymer can be observed provided that the temperature between the recording of two successive diffraction patterns has been raised by more than 5-10 K. If the temperature is raised stepwise more rapidly, in particular with a temperature step of 20-30 K, the nature of the temperature dependences for all parameters of the diffraction pattern changes, with retention of the overall trend in parameter change (Figure 3) . In particular, the complex nature of the temperature dependences of 2θ 1 and 2θ 2 degenerates (Figure 3) . The conditions of rise in temperature are also manifested by a dissimilar degree of change in the parameters of the diffraction pattern. The most signifi cant difference is characteristic of k 1 (k 2 ), Δ 1 /Δ*, and Δ 2 /Δ*, for example, in the case of PS-3. Thus, with a slow rise in temperature the relative area of the fi rst peak of PS-3 increases to a lesser degree while its half-width decreases more signifi cantly than in the case of a large temperature step. The infl uence of the heating rate on the nature of change in the parameters of the diffraction pattern of the amorphous polymer, revealed for the fi rst time, indirectly confi rms the existence in the polymer of an ordered structure.
Attention was drawn earlier to the need for a small temperature step in obtaining DSC thermograms [27] , temperature dependences of the intensity of the IR absorption bands for polymers of different chemical structure [28, 29] , and also diffusion coeffi cients of solid penetrants in the latter [30] .
Thus, the nature of change in the parameters of diffraction patterns indicates that the thermal coeffi cient of volume expansion of PS homologues at temperatures above T g undergoes a sharp change in the series of temperature regions, which is connected with the appearance of structural processes and a discrete reduction in intermolecular interaction in these temperature regions. The conclusion concerning the discrete nature of change in intermolecular interaction in atactic PS (M = 3 × 10 5 ) in the region of T g and 433 K (ρ 2 ʹ-transition in Table 1 ) was also arrived at by Bershtein et al. [31] on the basis of an analysis of the temperature changes in the IR absorption bands of the benzene rings. A sudden increase in the specifi c volume of PS, for example, in the 443 K region (ρ 2 ʹ-transition)
Figure 3. Temperature dependences of angular position of maximum of fi rst peak (1) and second peak (2) on diffraction pattern of PS-3 (a) and also relative area (1) and half-width of fi rst peak (2) (b). Temperature step 20-30 K © 2007 Smithers Rapra Limited T/39
was observed earlier by Privalko et al. [32] , and the thermodynamic nature of this transition was suggested. The rearrangement of the ordered structure of PS is also indicated by endothermic effects in the temperature regions of the appearance of ρʹ-processes (Table 1) . In other words, XRD and DSC data (Table 1) indicate the thermodynamic nature of the structural processes observed above T g .
In order to obtain an idea of the possible cause of multiple structural processes above T g in PS homologues, we will briefl y examine known literature data on the relaxation transitions in them.
INFLUENCE OF MOLECULAR WEIGHT ON THE RELAXATION SPECTRUM OF THE HOMOLOGUE
The dependence of the temperature of the relaxation transitions above T g (ll-and llʹ-transitions according to Boyer's terminology) on the molecular weight of the homologue for the case of a homologous series of PS was found for the fi rst time by Boyer and co-workers [16, 18, 20] . Some of these data are given in Table 1 . The authors assumed that, with increase in the degree of polymerisation n, the temperature of the ll-transition increases intensely and practically linearly in the range 10 ≤ n, more slowly in the range 10 < n < 250, and sharply at n ≥ 10 3 . Later it was established that the temperature of the ll-transition reaches a maximum value at M > M cη ([M cη = 3.5 × 10 4 ], and the ratio T ll /T g becomes equal to 1.08 [18] . According to data of DSC and capillary viscometry, the limiting value of the ratio T ll /T g amounts to 1.12-1.21 [33] . The llʹ-transition was observed only in homologues having M ≥ 1.8 × 10 6 . The temperature of the ll-transition obeys the equation T ≈ 1.2Tg [18] . Such a varying opinion concerning the temperatures of the ll-and llʹ-transitions is due to the fact, as will be shown below, different transitions are adopted as these transitions, denoted in Table 1 by the symbols ρ 0 ʹ-ρ i . The reason why, in the present work, the structural processes in the PS homologues and the relaxation transitions above their T g are denoted by the same symbols will be examined below.
In relaxation spectra of the homologues with 585 < M < 2 × 10 3 , dynamic mechanical methods revealed two transitions: α-T g , and a transition connected with the decomposition of long-lived associates [15, 16, 18] ) (ρ itransition in Table 1 ). The temperatures of these transitions increase with increasing MW of the homologue. The transition above T g , known in the literature as the lltransition, was identifi ed by Stadnicki et al. [18] as the transition of structured liquid (containing ordered formations) into a structureless liquid.
Beginning with a number-average molecular weight M n ~ 3 × 10 3 , two additional relaxation transitions (ρ 0 ʹ-and ρ 1 ʹ-transitions in Table 1 ) appear in the homologous series. Stadnicki et al. [18] observed one of these transitions ( Table 1 ) and identifi ed it as an ll-transition. The magnitude M ~ 3 × 10 3 is in satisfactory agreement with the critical value M cD , which defi nes the boundary between the two mechanisms of self-diffusion of the molecules, according to data of NMR spectroscopy [34] . The temperatures of ρ 0 ʹ-, ρ 1 ʹ-, and ρ i -transitions, like T g , increase as the MWs of the homologues (2 × 10 3 < Mn < 4 × 10 4 ) increase, and here there is an increase in the ratio of the temperature of each of these transitions to T g : T 0 ʹ/T g , T 1 ʹ/T g , and T i ʹ/T g respectively ( Table 1) . The ρ 2 ʹ-transition in the PS homologues appears only at M ≥ M cη , when the ratios T 0 ʹ/T g and T 1 ʹ/T g for the temperature of the relaxation ρ 0 ʹ-and ρ 1 ʹ-transitions practically reach their maximum possible values, equal to 1.06 and 1.12 respectively ( Table 1 ). The temperature of the ρ 2 ʹ-transition also increases with increase in the MW of the homologue, and at M n ~ 4 × 10 5 a limiting value of the T 2 ʹ/T g ratio of 1.22 ± 0.02 is established for it. Stadnicki et al. [18] identifi ed this transition as an ll-transition.The ρ 3 ʹ-transition is characteristic only of high molecular weight polymers (M > 5 × 10 5 ) ( Table 1) .
With increase in the MW, in the relaxation spectrum of the homologue there is an increase not only in the number of ρʹ-transitions but also in the number of ρ-transitions. Thus, in pentastyrene (Tg = 275 K, ν = 10 K/min), by means of DSC, Bershtein and Egorov [2] observed a transition in the 257 K region, which was attributed to β-relaxation. The activation energy of the transition was 60 ± 10 kJ/mol. The activation energy of the analogous transition in decastyrene amounts to 75 ± 10 kJ/mol [2] . The given parameters of transition are in satisfactory agreement with analogous parameters of ρ 2 ʹ-transition in the high molecular weight analogues [8] . In other words, the temperature and activation energy of the ρ 2 -transition within the limits of the accuracy of analysis hardly depend on the MW, as, for example, in the case of PMMA homologues [35] .
Softening of the homologues with M n = 2.3 × 10 3 (Tg = 342 K) and 3.6 × 10 3 (T g = 356 K) is preceded by a ρ 3 -transition in the 300 K region, as indicated by the endothermic effect on the c p -T dependence obtained using adiabatic calorimetry [15] . The activation energy of transition amounts to 100 kJ/mol, according to DSC data [2] . In high molecular weight homologues, a ρ 3 -transition is found in the 328 K region and has an activation energy of 147 ± 10 kJ/mol [2] . The difference in the parameters of the ρ 3 -transition in high molecular weight homologues and in the homologue with M n ~ 3 × 10 3 is due to the dissimilar size of their kinetic units. The latter, according to equation (1), consists of four recurring units in the case of the ρ 3 -process in high molecular weight homologues, but of three units in the case of low molecular weight homologues (2.3 × 10 3 and 3.6 × 10 3 ).
In the relaxation spectra of n-mers of PS (M > Mch) the parameters of all three ρ-transitions are the same. Data on these transitions are given, in particular, in reference [8] . Bershtein and Egorov [2] are of a different opinion, assuming that the temperature of the transition preceding the T g (β-relaxation according to their terminology) may be 20-200 K away from the T g , while its activation energy changes in this case by a factor of 2-7 depending on the homologous series. The conclusion of the authors is based on a formal approach to the identifi cation of transitions in glassy homologues: the appearance of β-relaxation is attributed to transitions whose temperatures obey the equation Tb ≈ 0.75Tg ± 0.1. An analysis conducted by the present authors of a large number of relaxation spectra of polymers showed that the temperature of β-relaxation in sterically hindered polymers, of which PS is one, obeys the equation T β ≈ 0.85T g ± 0.03 [T g and T β are measured at the same frequency (≤1 Hz)], i.e. cannot be more than 40-60 K away from T g [36] .
The given parameters of r-transitions in the lower n-mers of PS are in satisfactory agreement with the relationship E i -T i in logarithmic coordinates for the group of ρ-and ρʹ-transitions in high molecular weight homologues (Figure 4) plotted from data given in reference [8] . In this case, the possibility arises of estimating the size of the homologue segment, S s , in the region of the T g . A kinetic segment of pentastyrene possibly consists of two recurring units, that of the octamer of three recurring units, that of the homologue with M ≈ M cD of four recurring units, and that of the homologue with M ≈ 5M c of six recurring units. In other words, the size of the smallest mobile chain section in which singlebarrier conformational trans-gauche transition is possible increases with increase in the MW of the homologue until the critical value of the MW is reached, equal to ~5M c . Evidently, simultaneously with increase in the segment size S s in the homologous series, there is an increase in the size and lifetime of associates due to intersegmental interaction, which has an infl uence, in particular, on the packing density of the molecules within the homologue. According to data given in reference [37] , in the case of the homologous series of PS, the macroscopic density, which is a measure of the packing density of the molecules within the homologue, also undergoes an anomalous change in the range 1 × 10 4 < M < 3.2 × 10 4 , and then a rapid increase in the range 3.2 × 10 4 < M < 1 × 105 gives way to a slower increase at M > 1 × 10 5 . It seems that, to achieve the densest packing of macromolecules within the homologue, a certain ratio is necessary between the size of a kinetic segment and the MW or, most importantly, a certain volume content of long-lived associates (ordered formations).
Thus, as shown for the case of a homologous series of PS, the number of relaxation transitions above T g increases with increase in MW, as does the number of structural processes found in them by means of XRD analysis. Here, the temperatures both of relaxation processes, determined at low frequencies, and of structural processes are related to T g of the polymer by the same expressions [equations (3)- (5)] ( Table 1) . In connection with this, the transitions above T g that were examined in the work are denoted by the same symbols.
RELAXATION TRANSITIONS ABOVE THE T g OF THE POLYMER
The number of relaxation ρʹ-transitions (above Tg) depends not only on the MW but also on the chemical structure of the polymer. According to numerous published data, some of which are given in Table 2 , a small number of such transitions is a feature of polymers with a high chain fl exibility (like PSMS) and with a lower fl exibility of macromolecules (PETP, PS, etc.). The greatest number of relaxation ρʹ-transitions is characteristic of polymers of the simplest chemical structure (PE, PTFE). Some of the ρʹ-transitions in these polymers are given in Table 2 . Some of the ρʹ-transitions in the relaxation spectrum of the polymer are infl uenced by the confi guration of its macromolecules. Thus, in isotactic PS there is one fewer ρʹ-transition than in the syndiotactic polymer ( Table 2) .
Relaxation ρʹ-transitions are connected with the formation of a mobile chain section at temperatures above T g , as are ρ-transitions (but below T g ), i.e. the nature of these transitions is the same. This is indicated by the activation energy of ρ-and ρʹ-transitions. With increase in the serial number of the ρ i ʹ-transition, its activation energy increases in proportion to the magnitude of the cohesive energy of the polymer, i.e. obeys equation (1), according to experimental data given in Table 3 , as in the case of the group of r-transitions [8] . However, the temperatures, number, and accordingly the periodicity of r-transitions in the relaxation spectrum depend on the chemical structure of the polymer and the confi guration of its molecules [8] . The group of ρʹ-transitions in high molecular weight polymers, in contrast to the group of r-transitions, reveals a distinct temperature periodicity, which is not dependent on the chemical strucure of the polymer and is described, according to experimental data, by the empirical equations given in Tables 1 and 2 
* The assignment of the transitions is not always in agreement with the opinion of the authors of the studies. † The Tg that was used to calculate T i ʹ/T g if the authors did not indicate its value. ‡ The ratio of the temperature of the ρ i -transition to T g . Methods: TMM -thermomechanical method; MRS -relaxation spectrometry; XRD -X-ray diffraction analysis; DEL -dielectric relaxation; TSD -thermally stimulated depolarisation; RTL -radiothermoluminescence. The MRS data are given for frequencies of 1-3 Hz
where i ≥ 2 is the serial number of the ρ i ʹ-transition, and T 0 ʹ, T 1 ʹ, T i ʹ, and T g (in K) are determined at frequencies of 10-3-1 Hz. Attention was fi rst drawn to the dependence of the temperature of relaxation transitions above T g (ll-and llʹ-transitions) on T g by Boyer and co-workers [16, 18, 20] .
Experimental data given in Figure 5 indicate the existence of a quantitative correlation between the temperature and the activation energy of ρʹ-transitions, in particular for relaxation ρ 2 ʹ-, ρ 3 ʹ, and ρ 5 ʹ-transitions in high molecular weight polymers of different chemical structure: T 2 ʹ -122 = 1.34 E 2 ʹ; T 3 ʹ -140 = 1.34 E 3 ʹ; T 5 ʹ -180 = 1.34 E 5 ʹ. Bearing in mind that the glass transition temperature of a hypothetical polymer amounts to 100 K, according to relation (2), these equations can be written in the general form
where -1 Hz), K i × 100 is the energy of formation of fl uctuation holes within the polymer,which are necessary for the appearance of mobility of a kinetic unit of the relaxation ρ i ʹ-process (expressed in K), and E i ʹ is the activation energy of the relaxation ρ i ʹ-transition (kJ/mol).
Substitution of expression (2) for T g into relation (7) yields the equation
where
, … being the serial number of the ρ i ʹ-transition.
According to this equation, the size of the mobile section of macromolecules increases with increasing temperature, starting from the ρ 2 ʹ-transition, in at the very least all fl exible-chain and semi-rigid-chain polymers, by the same magnitude in relation to the size of their kinetic segment S s . The fact that equation (8) exists makes it possible to assume that a kinetic segment of the polymer, S s , is the smallest kinetic unit starting from which hierarchical correlated ultraslow motion of the polymer chain at T > T g becomes possible, which was observed earlier [98, 99] using two-dimensional NMR spectroscopy in amorphous and crystalline polymers. The fi rst obtained empirical equations [equations (6) and (8)] are nothing other than the notation characterising the similarity of the behaviour of polymers of different chemical structure in the temperature range T g < T < T i (T i is the temperature of the fi nal transition in the series of ρʹ-transitions) ( Table 2 ) which it is customary to describe by the Williams-Landau-Ferry (WLF) equation.
Thus, the temperature periodicity of the relaxation ρʹ-processes in high molecular weight polymers and the appearance of an increase in the effective rigidity of the macromolecules under conditions of a limited free volume in the temperature range T g < T < T i [equation (8) ].
Bearing in mind that the temperatures of relaxation ρʹ-transitions, determined at low frequencies, and structural processes are related to T g of the polymer by the same equations (3)- (5) as shown for the case of PS homologues, it can be assumed that the rearrangement of the ordered structure of the polymer, accompanied with a discrete increase in its free volume, is initiated by an increase in the size of the mobile section of the chain.
In this connection it is not unexpected that the temperature ranges of the appearance of relaxation ρʹ-processes (at low frequencies) and phase transitions of the fi rst kind (crystal-crystal) in fl exible-chain polymers likewise will always coincide [38] , as, for example, in the case of PDMS (ρ 2 ʹ-and ρ 2 ʹ-transitions), PA (ρ 3 ʹ-transition), etc. (Table 2) .
Relaxation ρʹ-processes determine not only the temperatures of phase transitions in crystalline and mesomorphic polymers but also the temperature of the maximum crystallisation rate of polymers, Tcr. The latter is always in satisfactory agreement with the temperature of one of the relaxation ρʹ-transitions in the polymers ( Table  4 ). In the case of sterically most hindered polymers, T cr coincides with the temperature of the ρ 2 ʹ-transition, and in the case of POE and POP with the temperature of the ρ 3 ʹ- Table 3 , and also polyvinylfl uoride (11) transition. The maximum crystallisation rate of sterically least hindered polymers -PE, PTFE, PVDF, PCFE, and also PP, POM, and PVF -is observed in the temperature regions of the ρ 4 ʹ-ρ 6 ʹ-transitions. This coincidence makes it possible to assume that the maximum crystallisation rate is possible only at a temperature where the mobile section of the chain reaches a certain size, which depends on the chemical structure of the polymer and the confi guration of its macromolecules ( Table 4) :
where E c is the cohesive energy of the polymer (in kJ/mol), and Scr is the number of recurring units per kinetic unit of the ρ i ʹ-process observed close to T cr , calculated by means of equation (8); A = 225 K and c = 1.03 mol K/kJ in the case of the sterically least hindered polymers (fi rst group) and A = 137.5 K and c = 1.26 mol K/kJ in the case of the remaining polymers (second group).
The magnitude of coeffi cient c in equation (9) in the case of the second group of polymers is in satisfactory agreement with the magnitude of the ratio 1/(3RmNSB 2 ) (where mNS = 12) in equation (2) . By analogy with this, the magnitude of coeffi cient c for polymers of the fi rst group is equal to the analogous relation where mNS = 15. In this case, the calculated values of coeffi cient c amount to 1.0204 and 1.2754 mol K/kJ respectively and are in satisfactory agreement with its values in equation (9) ( Table 4 ). According to this equation, the mobile section of the chain, the fl exible bonds of which are inevitably aligned on trans-gauche-transition about one of its single bonds, contains 12-17 fl exible bonds in polymers of the second group ( Table 4) . The size of this section in polymers of the fi rst group is greater and contains 18-23 fl exible bonds. This feature of the dynamics of the macromolecules is possibly one of the reasons for the high crystallisation rate of polymers of the fi rst group.
In other words, the division of polymers into two large groups, each of which is characterised by its own values of coeffi cients A and c in equation (9) , is due to the size of the mobile section of the chain which determines the ability of the macromolecules to change conformation, and also to the size of the fl uctuation holes within the polymer, necessary for the appearance of conformation mobility of the latter. The magnitude of the energy of formation of such holes (expressed in K) is indicated by coeffi cient A. The latter exceeds the cohesive energy of the segment S cr in the case of sterically unhindered polymers ( Table 4 ). The exception is PCFE, for which the magnitudes of these energies are practically identical. In the case of polymers of the second group, the cohesive energy of the segment S cr is generally considerably higher than the energy of formation of fl uctuation holes within the polymer.
The substitution of expression (2) and the relation for the temperature of ρ 1 -transition, T1 [36] , into equation (9) makes it possible to establish the quantitative dependence of Tcr on Tg and the temperature of the ρ 1 -transition ( Table 4) , .
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The melting temperatures of the polymers, Tm, similarly to T cr , seem also to depend on the size of the mobile section of the chain ( Table 5 ). The polymers examined in the work are divided into two groups. The fi rst group is formed by sterically least hindered polymers. The melting temperatures of these polymers are generally found close to the ρ 4 ʹ-ρ 8 ʹ-transitions, whereas those of sterically more hindered polymers are found close to the ρ 2 ʹ-ρ 4 ʹ--transitions. The equation connecting the Tm with the size of the mobile section of the chain has the form ( Table 5 
where A m = 300 K and c m = 0.805 mol K/kJ for polymers of the fi rst group, A m = 175 K and cm = 1.177 mol K/kJ for polymers of the second group, and S m is the number of recurring units in a kinetic unit of motion of the main chain at the Tm of the polymer, calculated by means of equation (8) .
The coeffi cient cm in equation (10), by analogy with coeffi cient c in equation (9) , will be presented in the form of the ratio 1/(3RmNSB 2 ), where mNS is equal to 13 and 19 for polymers of the fi rst and second groups respectively. In this case, the calculated values of coeffi cient c m amount to 1.1773 and 0.8055 mol K/kJ respectively and are in satisfactory agreement with the data given in Table  5 . The number of fl exible bonds in the mobile section of sterically least hindered polymers varies from 19 to 26, and for polymers of the second group from 13 to 22, according to data given in Table 5 . In this case, coeffi cient c in equation (9) and cm in equation (10) are nothing other than the inverse quantity to the energy of correlated rotational degrees of freedom of the smallest section of the chain, the conformational mobility of which ensures the maximum crystallisation rate and melting of the polymer respectively. The energy of formation of fl uctuation holes with a size suffi cient for the appearance of conformational mobility of a segment S m (expressed in K) in the case of sterically least hindered polymers exceeds the cohesive energy of the segment S m , whereas in polymers of the second group, conversely, it is lower than the cohesive energy of the segment S m (by a factor of 1.5-4) ( Table 5 ). The contribution of local molecular motion to the energetics of the processes of crystallisation and melting seems to be very appreciable and increases with increasing intermolecular interaction in the polymer.
Relations (9) and (10) indicate that T cr and T m depend on the same factors: chain rigidity, the geometry of the recurring unit of the polymer, and intermolecular interaction. Attempts to fi nd the dependence of T m on intermolecular interaction, density, and the cohesive energy of polymers have previously been repeatedly undertaken [102, 104, 105] .
Thus, the data presented in the work indicate that features of the temperature behaviour of both an amorphous and a crystalline polymer are determined by the molecular motion of the main chain of the macromolecules, at least of those examined in the work.
